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(57) [Abstract] 

[Problems to be Solved by the Invention] 

It is to offer silica dispersion where coagulation and settling is 
difficult to happen with high concentration. 

[Means to Solve the Problems] 

average particle diameter of (1) primary particle said 
dispersion contains cationic polymer of average molecular 
weight 10 0,000 or less in dispersion of silica fine particle of 
50 nm or less, silica dispersiono which is madefeature 

Adding silica fine particle in dispersion medium which 
designates (2) water as the main component, when 
preparatory mixing doing, with 20 deg C or less preparatory 
mixing manufacturing methodo of silica dispersion which is 
done 



[Claim{s)] 
[Claim 1] 

average particle diameter of primary particle said dispersion 
contains cationic polymer of average molecular weight 10 
0,000 or less in dispersion of silica fine particle of 50 nm or 
less, silica dispersions which is madefeature 

[Claim 2] 

silica dispersiono which is stated in Claim 1 which is a 
cationic polymer where theaforementioned cationic polymer 
has constituting unit of poly diallyl amine derivative 

[Claim 3] 

silica dispersiono which is stated in Claim 1 or 2 where 
concentration of silica fine particle ofaforementioned silica 
dispersion is 1 5 weight % or more 

[Claim 4] 

silica dispersiono which is stated in Claim K 2 and 3 silica 
fine particle of theaforementioned silica dispersion is gas 
phase method silica 

[Claim 5] 

In dispersion medium which designates water as main 
component average primary particle diameter addingand 
mixing silica fine particle of 50 nm or less after producing 
silica slurry, whenproducing aforementioned silica slurry in 
manufacturing method of silica dispersion whichdisperses 
said silica slurry with dispersing machine, manufacturing 
methodo of silica dispersion which itdoes with temperature 
of 20 deg C or less and makes feature 
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[Claim 6] 

average molecular weight contains cationic polymer of 
100,000 or less in dispersion medium whichdesignates 
aforementioned water as main component manufacturing 
methodo of the silica dispersion which is stated in Claim 5 
which is made feature 

[Description of the Invention] 
[0001] 

[Technological Field of Invention] 

this invention regards silica dispersion and its manufacturing 

method. 

Details regard silica dispersion and its manufacturing method 
where stability over time is high with high concentration. 

[0002] 

[Prior Art] 

silica dispersion when grinding semiconductor wafer — 
which is represented in silicon and when grinding insulating 
layer etc in IC production process, recording material for the 
hard coating agents inkjet of abrasive^ eyeglass lens or 
other plastic and coating agents for transparency 
furthermore, is used as antiblocking agents glass fiber or 
other adhesion aid^ emulsion and wax or other stabilizer of 
various film. 

[0003] 

As this kind of silica dispersion, burning is made gas phase 
method silica which (fumed silica ),neutralizing silicon acid 
soda in acid hydrogen flame with silicon tetrachloride as the 
starting material, you called precipitation silica and gel 
method silica which it makes, hydrolysis doing in water 
containing organic solvent of alkaline or acidic with alkoxide 
of the so-called wet type silica^ or silicon as starting 
material, sol-gel method silica which it makes issuperior, 
silica dispersion which uses this silica is observed. 

These silica dispersion are made, being dispersed 
above-mentioned silica fine particle by the dispersion medium 
(Water and organic solvent or mixture of those ) with high 
pressure homogenizer^ ball mill or other dispersing machine. 

[0004] 

But, these dispersion, while keeping had problem that 
coagulation and settling happens. 

Especially, with dispersion medium which designates water as 
main component with dispersion of silica concentration of 15 
weight % or more above-mentioned problem became 
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SOnra JUTa)aia^v'J*©«^lZ±ffiro1Sli 
[0005] 



[0006] 

'So 



[0007] 

W-^k^iL'T-OW^mmt^ 50nm l^TCDvU:^ 
lOT^JaTa):^^^;!-!/;^';^-^^^^*^ 

50nm J.UT(7) vU:^W4^$}SJ!]a. ;g^Lr 

fci^r . afrtBvU:^x^»j-$f^s-rsss. 20 
deg C ^UT^7)Sg'^^T^C<^^!^at■r5v'j* 



[0008] 

;lj£;ivU;t)<!:LT(i. 1 ^^K:hhU^A(7)it 
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remarkable. 

Furthermore when silica^ namely average primary particle 
diameter of ultrafine particle is fine particle silica of 50 nm or 
less, above-mentioned problem was easy to happen. 

[0005] 

In addition, silica dispersion of high concentration, when 
physical distribution is considered, isvery profitable with cost 
aspect. 

Therefore, stabilizing silica dispersion of high concentration, 
method which itproduces is desired. 

[0006] 

[Problems to be Solved by the Invention] 

Therefore, objective of this invention is to offer silica 
dispersion where the coagulation and settling is difficult to 
happen with high concentration. 

Other objective of this invention is to offer method which 
produces the silica dispersion of high concentration in 
stability. 

[0007] 

[Means to Solve the Problems] 

Above-mentioned objective of this invention was achieved 
with inventionbelow. 

average particle diameter of (1) primary particle said 
dispersion contains cationic polymer of average molecular 
weight 10 0,000 or less in dispersion of silica fine particle of 
50 nm or less, silica dispersiono which is madefeature 

In dispersion medium which designates (2) water as main 
component average primary particle diameter adding and 
mixing silica fine particle of 50 nm or less after producing 
silica slurry ,when producing aforementioned silica slurry in 
manufacmring method of silica dispersion which disperses 
said silica slurry with dispersing machine, manufacturing 
methodo of silica dispersion whichit does with temperature 
of 20 deg C or less and makes feature 

[0008] 

[Embodiment of the Invention] 

Below, this invention is explained in detail. 

In synthetic silica which is used for this invention, with wet 
method there is athing with thing and gas phase method . 

Usually if you mention silica fine particle, when it points to 
wet method silica is many. 

As wet method silica, silica sok which is acquired through 
rehydrolysis and the ion exchange resin layer or heat ageing 
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[0009] 

mfg;£vU*(ti-AKv'J*)li. Sit;* 

xpv;u, h^7-VV(4*)A^t> QS ^i-f^tLTlUIS 
[0010] 

-tro+T't. !^(C-;:J^¥t^l4SA^' 3~15nm 
t^-O BET a(=J:-l)tkft®?IA^ 200m'/g lil±s 
Ml-I* 250~500m^/g T-fc-SmffijivU^O^J-fj 

[0011] 

*l|B^t?53BET5£<!:li. g,ffii»«;S(-=k-&*» 

ig (0K**a)^#oi^«®«, a]*,a:»BW 

-So 

Brunauer. Emmett. Teller (7) jeTrfcoT 

BET ^<!:0¥l^;|^SS«;*^l::l^:<fflt^b^^TL^ 

-So 

BET jCfC» oa^TilR«i:$^5^. i®*^"^ 1 fll 



doing 2 these silica sol, gelation doing colloidal silica^ 3 silica 
sol which is acquired with acid etc of 1 I acid sodium, 
production condition is changed, silica geU which has 
become three-dimensional secondary particle where the 
primary particle of 10 micron rank does siloxane bond from 
several micrometers with furthermore heating forming 4 silica 
soU sodium silicate> sodium aluminate, etc there is a 
synthetic silicic acid chemicalcompound etc which designates 
silicic acid like those which are acquiredas main component. 

[0009] 

In addition, as for gas phase method silica (fumed silica ), 
also dry method is called vis-a-vis wet method, is made 
generally with flame hydrolysis method . 

Concretely method which with hydrogen and oxygen burning, 
makes tetrachlorosilane is known generally, but you can use 
also methyl trichlorosilane and the trichlorosilane or other 
silanes, in place of tetrachlorosilane with state which it mixes 
with the alone or tetrachlorosilane. 

gas phase method silica can be marketed can procure from 
Nippon Aerosil Co. Ltd. (DB 69-070-2188 ) as QStype from 
AerosiU Tokuyama Corporation (DB 69-057-1716 ) Ltd. 
and. 

[0010] 

dispersion which uses cationic polymer of this invention, 
when especially gas phase method silica is used, is effective. 

Even among those, especially primary average particle 
diameter with 3-15 nm, at sametime with BET method 
specific surface area 200 m^/g or more> furthermore is ideal 
in the dispersion of gas phase method silica which is 250 - 
500 mVg. 

[0011] 

BET method as it is called in this invention with one of 
surface area measurement method of powder, is method 
which seeks total surface area^ namely specific surface area 
which sample of 1 g has from adsorption isotherm with gas 
phase adsorption method . 

As usual adsorption gas, nitrogen gas to be many method 
which ismeasured from pressure of suffering adsorption gas, 
or change of volume has mainly been used using and 
adsorbed amount. 

Although isotherm of multi molecular adsorption is displayed, 
most prominentoneHs called BET equation with formula of 
Brunauer. Emm ett. teller and is widely usedfor surface area 
decision. 

adsorbed amount is sought on basis of BET equation, 
applying surface area which adsorbed molecule 1 occupies 
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[0012] 

[0013] 

'JV-A<»*L<, TlB-fiaiCd). (2), (3)Xli 

lil^(Cc>:-:)T#t)tl. v-VD-JU DC902P(i|- 
XlSI!!*), i^x'vh^-i'-y^T. ilO(MffllbX). o. 
-■tz>;^CP-101~103(-tr>*), PAS-H(BSi^S 
tt)^:LTr^^B5$^^rl^i.o 

[0014] 

[<bi] 
-K5t (1) 

-fCH2CHCHCH25tr 
Ri R2 



with surface, surface area is acquired. 
[0012] 

It can use polymer etc which possesses 1 - tertiary amino 
group V quaternary ammonium salt group or phosphonium 
salt group as cationic polymer which is used for this 

invention. 

water soluble polymer is desirable even among them, 
especially average molecular weight polymer of 50,000 or 
less is desirable. 

[0013] 

cationic polymer which possesses constituting unit of 
especially poly diallyl amine derivative isdesirable even in 
above-mentioned cationic polymer, below-mentioned general 
formula (1), (2), it is a cationic polymer which designates 
structure which is displayedwith (3) or (4) as constituting unit. 

These derivative are acquired with cyclization condensation 
of diallyl amine compound, aremarketed Shallol DC902P 
(Dai-Ichi Kogyo Seiyaku Co. Ltd. (DB 69-055-7798 )), jet fix 
1 10 (Satoda chemical engineering), Uni sense CP-lOl'-lOS 
(Senka ), PAS-H (Nitto Boseki Co. Ltd. (DB 69-053-9622 ) 
corporation) as. 

[0014] 

[Chemical Formula 1] 



[0015] 
lit!] 

-IBS (2) 



■^CHCFbCHCHg^jf 



[0015] 

[Chemical Formula 2] 



[00161 
[<b3l 



[0016] 

[Chemical Formula 3] 
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■m (3) 

CH2pH2 

X" 



[0017] 

-m (4) 



-^CHCHzCHCH^Y^- 



[0017] 

[Chemical Formula 4] 



[0018] 

-teS(l). (2). (3)S:t;(4)^3fcl^T. R, RU R2 

^ fc . - it (3) (4) fc fc l^ r . 

n/m-9/l-'2/8. 1=5-10000 "efc^o 
[0019] 

-"flg5E(3)X(i(4)-e7F^tl^7K'JvT'J;UTa> 

60^83882 ^<t^mm(D SO2 s^^ymLmii 

fc#t;^.(D.ftgFl¥ 1-9776 ^^$BfziH«SFti 

-So 

(D:^5^:t>7KUT-(7)¥ia^^S(*. 2,000-^5 
[0020] 

(ix^ur 1-10 mWi%fi^ntLi\ 
[0021] 

f)< 15 M%]iil±. Mf::li 18 aa:%m±T?feo 



[0018] 

In general formula (1), (2), (3) and (4), Ri and R2 each,display 
hydrogen atom^ methyl group, ethyl group or other alkyl 
groups or hydroxyethyl group or other substituted alkyl 
group, Y displays radically polymerizable monomer (for 
example sulfonyU acrylamide and its derivative^ acrylic 
acid ester methacrylic acid ester etc). 

In addition, it is a n/m-9/l~2/8. 1-5-10000 in general 
formula (3) and (4). 

X displays anion. 

[0019] 

Those which include SO2 basis which is stated in Japan 
Unexamined Patent Publication Showa 60-83882 disclosure 
as concrete example of derivative of poly diallyl amine which 
is shown with general formula (3) or (4), in repeat unit. You 
can list copolymer etc of acrylamide which is stated in Japan 
Unexamined Patent Publication Hei 1- 9776 disclosure. 

As for average molecular weight of cationic polymer of poly 
diallyl amine derivative which is used for the this invention, 
2,000 - 50,000 extent are more desirable. 

[0020] 

As for amount used of above-mentioned cationic polymer 1 - 
10 weight% aredesirable vis-a-vis silica fine particle. 

[0021] 

As for silica dispersion of this invention, high concentration . 
namely silica 15 weight % or mores furthermore, dispersion 
stability is maintained with as much as 1 8 weight % or more 
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«g T ; u =1 - ; K I ^ ^ Hf « 36 jjS it 



[0023] 

I* iS E Tt^^ if — v>7H-;us /u-e^^ »-r 

'So 

rjfW 10-31064 ^<timiztiWia>ys^^mi^^z 

±IBv'J*;?.^'J-^«E7^v^v:^-^-^f- 

-efflis-rsiijai*. i~»+iHi0iisffl*^«>ai* 

[0024] 
[0025] 

20 deg C l^^TA<^(f*LL^o 

iftiz 15 deg C Wft^U'^Ll^o 

£ 20 deg C iiiTroaitlcL-CfcL^-CtJ:t'>l,. 
^tjg^*lw^iPLT20 deg CJilTlwTlfT 

t.fz. *>U*X7'J— (75S]tA< 20 deg C lilT. $ 

bicii 15 deg c ^xTo^mx^fimz^x-t 
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over the long period. 
[0022] 

dispersion medium which is used for silica dispersion of this 
invention is something whichdesignates water as main 
component, but it is possible to include the organic solvent 
(lower alcohol and ethylacetate or other low boiling point 
solvent ) of trace. 

In that case, organic solvent 20 weight % or less^ 
furthermore is 10 weight % or less vis-a-vis all dispersion 
medium, it is desirable . 

[0023] 

Next, manufacturing method of silica dispersion of this 

invention is explained. 

Usually, silica dispersion adds silica fine particle to water or 
other dispersion medium and mixes andproduces (preparatory 
mixing ) silica slurry, disperses this silica slurry with 
dispersing machine > for example high pressure homogenizer 
and the ball mill. 

Dispersion which uses high pressure homogenizer can use 
method which is statedin for example Japan Unexamined 
Patent Publication Hei 10-31 064 disclosure . 

In addition, number of times which treats above-mentioned 
silica slurry with the high pressure homogenizer is chosen 
from range of I - several tens of times. 

[0024] 

Before adding silica fine particle, it is possible to add cationic 
polymer, in dispersion medium and, it is possible to add in 

preparatory mixing or after dispersion ending. 

Before adding silica fine particle, adds preferably ^ cationic 
polymer, in dispersion medium isdesirable. 

Now, from dispersion which is stabilized is acquired. 
[0025] 

Regarding to this invention, when preparatory mixing doing, 
as for liquid temperature, 20 deg C or less is desirable. 

Or less of especially 15 deg C is desirable. 

Now, silica slurry of high concentration stabilizing, it can 
produce. 

In this case, before adding silica fine particle, it is possible to 
designate the dispersion medium as temperature of 20 deg C 
or less and, cooling in preparatory mixing, itis possible to 
lower 20 deg C or less. 

In addition, temperature of silica slurry 20 deg C or less, 
furthermorefilling to dispersing machine with state of 15 deg 
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C or less is desirable. 

Furthermore dispersion which is stabilized is acquired now. 
[0026] 

preparatory mixing, does with conventional propeller 
agitation, turbine type agitation, homogenizer typeagitation 
and ultrasound agitation etc, it is possible . 

[0027] 

With manufacturing method of dispersion of this invention, 
silica concentration stabilizing, the dispersion of high 
concentration of 1 5 weight% it can produce. 
It is ideal in high concentration of especially 18 weight % or 
more. 
[0028] 

In addition, in order to designate from silica concentration in 
dispersion as the high concentration, method which adds 
silica to stepwise can be adopted. 

[0029] 

As mentioned earlier, it can apply silica dispersion of this 
invention, to various application, but it is suitable in order to 
use as silica fine particle which forms the ink-receiving layer 
of especially Inkjet recording sheet. 

[0030] 

[Working Example(s)] 
Working Example 1 

Following way, silica dispersion was produced. 
Furthermore section parts by weight is displayed. 
[0031] 



[0027] 

[0028] 
[0029] 

[0030] 

mmm i 

[0031] - 

m-X*M*(»)M.V^D-;U DC902P.^ta5^^g 9000) 



<dispersion fonnulat.on> cationic polymer 3 part (dimethyl diallyl ^"^^ ^""'^^^^^^^ 
Seivaku Co Ltd (DB 69-055-7798 ) make, Shallol DC902P. average molecular weight 9000 ) gas phase method 
silica 100 parts of water 430 part denatured ethanol 2 2 part poly diallyl amine derivative 



(¥J^-?RKS7nm. BET ;£iCck'Shta 



With average primary particle diameter 7 nm. BET method ratio 
chart 



Ha300m2/g 



surface area 300 m<SP>2</SP>/g 



) 



[0032] 



[0032] 

It added cationic polymer to water of dispersion medium, and 
in denatured ethanol added gas phase method silica next and 
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[0033] 

mmm 2 

S<*a)*^:t>7K'JT-(cft^T.TIH<b 5(¥ 

[0034] 
[<b5] 



preparatory mixing did and produced silica slurry. 

one time treating this silica slurry next with high pressure 
homogenizer, silica concentration produced silica dispersion 
of approximately 1 8 weight%. 

[0033] 

Working Example 2 

Replacing to cationic polymer of poly diallyl amine derivative 
of dispersion formulation of Working Example 1, otherthan 
using cationic polymer of below-mentioned Chemical 
Formula 5 (average molecular weight 1 0,000 ), it produced 
the silica dispersion with as similar. 

[0034] 

[Chemical Formula 5] 



(j)H3 

o-c ^ 0^ 0^ 
OCH2CH2N(GH3)3 NH2 OCH3 



CI 



[0035] 

itim 1 

[0036] 

±ummm u 2 mit^m 1 <o^^n^^^^ 



zi^t. mmm 2 it 1 ^^xmf^^izmmitm^ 
&^).itmi 1 it 6 Bmxmm}m^&zLx 

[0037] 

mmm 3 

tK 350 §15 



[0035] 

Comparative Example 1 

Other than excluding cationic polymer from dispersion 
formulation of above-mentioned Working Example 1, silica 
dispersion was produced with as similar. 

[0036] 

Above-mentioned Working Example 1, 2 and dispersion of 

Comparative Example 1 retention passage of time were done, 
agglomerated state and settling state were observed. 

As a result, as for Working Example 1 as for coagulation and 
settling it happened with lessthan 2 months, Working 
Example 2 was a coagulation and settling barely with 1 
month, as for the Comparative Example 1 coagulation and 
settling was to happen with 6 day. 

[0037] 

Working Example 3 

Following way, silica dispersion was produced. 
Furthermore section parts by weight is displayed. 
<dispersion fonnulation> 
Water 350 part 
denatured ethanol 1 7 part 
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as 

DC902Ps a 9000) 

Sl«iiv'J* 100 6S 

7mn>BET ;ilCj:5H:S®9 

300m^/g) 
[0038] 

fliII5?W;Ina*«*;S& 23 deg C. 17 deg C. 
13 deg C l-a^bL-Cff -afc. 

23 deg C -e^fiSil^^^Tofctroii^ 17 deg C 
l^iitDlC 2 <$(OB#rB^$^L, 13 deg C X'h 

|COL^'C=t. 17 deg C RU 13 deg C tr'^ffi;!^ 
^'n-otzt<Dlt.\ ^^m±S^T?S)OfcA?,23 

deg c-C'^«il^^^T^fc*'0ii, 1 ^fl*-eic 

[0039] 

iA< 2000-5 :^(7)7Kjtti(»4^°'J v7';;uT5>K 

So 

BET ;£l::c):4J:b«®W?5j< 200m'/g \<i±<D%^ 
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cationic polymer 3 part of poly diallyl amine derivative 

(dimethyl diallyl ammonium chloride homopolymer Dai-Ichi 
Kogyo Seiyaku Co. Ltd. (DB 69-055-7798 ) make, Shallol 
DC902P ^ average molecular weight 9000 ) 

gas phase method silica 100 parts 

(With average primary particle diameter 7 nm^ BET method 
specific surface area 300m^/g ) 

[0038] 

It added cationic polymer to water of dispersion medium, and 
in denatured ethanol added gas phase method sihca next and 
preparatory mixing did and produced silica slurry. 

one time treating this silica slurry next with high pressure 
homogenizer, silica concentration produced silica dispersion 
of approximately 21 weight%. 

Changing in 23 deg C. 17 deg C. and 13 deg C, it did hquid 
temperature at time of theaforementioned preparatory mixing. 

Those which did preparatory mixing with 23 deg C although 
silica slurry is made incomparison with those which did 
preparatory mixing with 17 deg C, 2 -fold required time, 
required time of 3 times in comparison with thosewhich were 
done with 13 deg C. 

In addition, concerning stability over time of silica dispersion 
which is completed,those which did preparatory mixing with 
17 deg C and 13 deg C were one month or more stability, but 
as for those which did preparatory mixing with 23 deg C, the 
coagulation and settling happened to 1 month. 

[0039] 

[Effects of the Invention] 

According to this invention, silica dispersion which retention 
passage of time stabilizesis acquired. 

Especially, silica concentration with dispersion of high 
concentration of 1 5 weight%, with passage of time 
coagulation and settling is easy to happen, ideal in dispersion 
of this kindof high concentration. 

In addition, even in cationic polymer, cationic polymer where 
especially average molecular weight has constituting unit of 
water soluble poly diallyl amine derivative 2000 - 50,000, 
quite stability is useful inproduction of silica dispersion. 

Furthermore, as for this invention, primary average particle 
diameter with 3 - 15 nm specific surface area is effective to 
dispersion of gas phase method silica of 200 mVg or more 
with BET method . 
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«);gJt^ 20 deg C WT(--r-5Ci:lCj:oT. f 



In addition, when drawing up silica slurry, temperature of 
preparatory mixing isdesignated as 20 deg C or less, 
preparatory mixing is done quickly with, dispersion where at 
same time stability over time is high isacquired. 
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